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INTRODUCTION 

In  1976  the  Infrared  Mobile  Optical  Radiation  Laboratory  (IMORL)  facility  of  the 
Naval  Research  Laboratory  obtained  the  first  laser-calibrated,  high-resolution  field  measure- 
ment of  absolute  transmission  in  the  5-  to  3-Mm  atmospheric  window  [1] . Since  that  time, 
over  fifty  additional  spectra  have  been  acquired  under  a wide  range  of  meteorological  condi- 
tions during  two  separate  field  experiments.  The  key  spectra  from  each  field-measurement 
program  have  been  assembled  on  digital  magnetic  tape.  This  report  briefly  summarizes  the 
measurement  process,  reviews  the  data  reduction  procedures,  and  describes  the  companion 
data  tape. 


DESCRIPTION  OF  FIELD  EXPERIMENTS 

The  high-resolution  (0.08  cm-1 ) measurements  were  made  with  a model  1001  Fourier- 
transform  interferometer-spectrometer  (FTS)  system  manufactured  by  the  Carson-Alexiou 
Corporation,  Newport  Beach,  California.  A description  of  the  FTS  system  and  its  installa- 
tion aboard  the  IMORL  receiver  trailer  appears  elsewhere  [21 . 

For  use  in  the  5-  to  3-Mm  atmospheric  window,  the  interferometer  was  configured  with 
an  InSb  detector  and  a CaF2  beamsplitter.  Radiation  from  a broadband  infrared  source 
in  the  IMORL  transmitter  trailer  was  projected  across  a 5-km  path  to  the  receiver  trailer 
where  it  was  collected,  down-collimated,  and  directed  into  the  interferometer.  Interfero- 
grams  of  8-cm  optical  retardation  were  sampled  at  128  K (21 7)  equally  spaced  points. 
(Interference  fringes  from  the  system ’s  internal  HeNe  reference  laser  were  used  to  control 
the  sample  spacing.)  To  minimize  the  effects  of  turbulence-induced  signal  degradation  and 
to  reduce  noise  levels  in  the  computed  spectra,  from  50  to  100  interferometer  scans  were 
coadded  prior  to  calculating  the  Fourier  transform.  Depending  upon  the  number  of  scans 
coadded,  sampling  required  from  10  to  20  min.  Relevant  atmospheric  parameters  were 
continously  monitored  to  assure  that  the  absorbing  medium  remained  constant  or  changed 
sufficiently  slowly  during  the  averaging  period. 

At  various  intervals  during  the  field  experiments  the  receiver  trailer  was  moved  to  the 
transmitter  site  to  obtain  “zero-path”  calibration  data.  During  these  periods  transmission 
spectra  were  recorded  for  the  50-m  absorption  path  which  separated  the  FTS  system  from 
the  infrared  source. 

Two  types  of  broadband  infrared  sources  were  available  for  sampling  the  atmospheric 
absorption  spectra.  A 1300-K  graybody  source  was  used  initially,  and  it  was  found  to 
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perfoim  satisfactorily  in  the  5-  to  3-jjm  region.  As  the  field  measurements  progressed,  an 
1800-K  globar  source  was  substituted  in  an  effort  to  improve  the  FTS  system's  performance 
with  a HgCdTe  detector  in  the  12-  to  8-pm  spectral  region.  To  simplify  experimental  proce- 
dures, the  1800-K  globar  source  was  then  used  with  the  InSb  detector  for  the  remainder  of 
the  absorption  measurements  made  in  the  5-  to  3-pm  atmospheric  window.  Since  the 
appropriate  zero-path  calibration  spectra  were  recorded  with  each  type  of  source,  and  since 
the  laser-extinction  data  were  used  to  obtain  a radiometric  calibration  for  the  long-path 
spectra,  changing  sources  did  not  affect  the  radiometric  accuracy  of  the  resulting  spectra. 


In  addition  to  measuring  the  broadband  absorption,  the  FTS  system  was  also  used  to 
record  the  emission  spectrum  of  several  DF  and  CO  laser  lines.  The  resulting  emission 
spectra  were  later  used  to  obtain  improved  wavenumber  calibrations  for  the  high-resolution 
atmospheric  absorption  spectra. 


Related  laser-extinction  measurements  made  with  the  DF  and  CO  lasers  provided 
absolute-transmission  normalizations  for  many  of  the  high-resolution  spectra.  The  laser- 
extinction  measurement  techniques  required  for  making  precision  extinction  measurements 
over  long  atmospheric  paths  had  been  developed  during  earlier  field  experiments  in  Florida 
[3]  and  California  [4] . It  is  sufficient  to  note  here  that  the  laser  measurement  techniques 
center  on  the  field-proven  ability  to  project  and  subsequently  collect  the  entire  beam  from 
a laser  source  and  on  the  ability  to  maintain  a high  overall  measurement  accuracy  (±2%) 
in  related  optical-system  transmission  measurements. 


The  laser  extinction  measurements  used  the  same  90-cm  diameter  transmitter  telescope 
to  project  a laser  beam  across  the  same  5-km  path  to  the  same  120-cm  diameter  receiver 
telescope  used  for  the  FTS  measurements.  During  a typical  day  of  field  operation,  the 
telescope  useage  would  alternate  between  FTS  measurements  and  laser-extinction  measure- 
ments every  hour  or  so.  Spectra  obtained  in  cases  where  the  atmospheric  conditions  changed 
significantly  have  not  been  included  on  the  data  tape. 


The  Fourier  transform  of  the  128-K-point  interfercgrams  was  calculated  on  the  FTS 
system’s  minicomputer  by  using  the  Carson-Alexiou-supplied  software  package.  These 
transforms  were  phase  corrected  but  not  a podized. 


To  compensate  for  the  wavenumber  dependence  of  the  transmission  of  the  optical 
components  and  for  the  responsivity  of  the  InSb  detector,  each  5-km-absorption-path 
spectrum  was  ratioed  against  a 50-m-absorption-path  reference  spectrum. 


The  wavenumber  scale  generated  by  the  FTS  system  was  based  on  the  internal  HeNe 
reference  laser.  Since  the  FTS  system  was  operated  in  air,  not  vacuum,  the  dispersion  of  air 
between  0.63  and  4.0  pm  limited  the  accuracy  of  the  interferometer’s  wavenumber  scale 
to  about  0.1  cm  _1 . Using  the  laser-extinction  measurements  to  normalize  the  high- 
resolution  spectra  required  that  the  location  of  each  laser  line  in  the  atmospheric  absorption 
spectra  be  established  more  closely  than  possible  with  the  interferometer’s  internal  wave- 
number  reference.  Based  on  the  sampled  emission  spectra  of  the  DF  and  CO  lasers,  a simple 
least-squares  wavenumber  calibration  was  generated  for  the  5-  to  3-pm  region.  These  wave- 
number  assignments  are  also  included  on  the  accompanying  data  tape. 
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DATA  ANALYSIS 

A discussion  of  the  techniques  developed  for  the  reduction  and  analysis  of  the  laser- 
extinction  data  has  been  presented  in  an  NRL  Report  [4] , and  the  results  for  the  1977 
IMORL  Reid  measurements  are  tabulated  in  an  NRL  Memorandum  Report  [5] . The  tech- 
niques are  summarized  briefly  here. 

To  normalize  the  FTS  data,  the  amplitude  of  each  ratioed  absorption  spectrum  was 
measured  at  those  spectral  locations  where  DF  or  CO  laser-extinction  data  were  available. 
The  ratio  of  the  ratioed  FTS  amplitude  to  the  observed  absolute  laser  transmission  was 
calculated  for  each  laser  measurement.  These  ratios  were  averaged  to  determine  a normaliza- 
tion factor  for  each  spectrum.  (In  general,  less  that  a one-  or  two-percent  variation  with 
wavenumber  would  be  seen  over  the  spectral  interval  of  the  laser  measurements.)  Then  each 
point  in  a ratioed  absorption  spectrum  was  multiplied  by  that  spectrum’s  normalization 
factor  to  obtain  the  transmission-normalized  spectrum.  Figure  1 shows  a plot  of  a high- 
resolution  FTS  spectrum  to  which  an  absolute-transmission  normalization  has  been  assigned. 


DESCRIPTION  OF  THE  DATA  TAPE 

Laser-calibrated,  high-resolution  spectra  from  the  1977  IMORL  field  experiments  have 
been  assembled  onto  a digital  magnetic  tape.  This  tape  can  be  obtained  from  the  National 
Technical  Information  Service  (NTIS),  Springfield,  Virginia  22161.  (NTIS  accession  number 
AD/A063683  should  be  specified  to  order  a copy  of  the  tape.) 

The  information  contained  on  this  9-track,  800-bpi  tape  has  been  written  in  both  the 
ASCII  and  EBCDIC  character  formats.  The  tape  also  contains  index  files  (one  for  each  char- 
acter set)  which  provide  descriptive  information  about  the  spectra  and  about  the  meteorolog- 
ical conditions  under  which  the  spectra  were  recorded.  Each  index  file  also  carries  a release 
number  which  identifies  the  specific  version  of  the  tape.  To  avoid  potential  ambiguities,  it  is 
recommended  that  users  of  the  NRL-IMORL  data  base  explicitly  reference  this  release 
number  when  citing  information  from  the  tape. 

Each  logical  record  of  the  data  file  contains  the  following  information:  the  number 
of  the  output  point  in  the  Fourier  transform,  an  empirically  assigned  wavenumber  based  on 
laser-calibration  spectra,  a reference  spectrum  of  DF-  and  CO-laser  emission,  and  the  mea- 
sured transmission  at  that  wavenumber  for  each  of  the  long-path  spectra.  The  data  tape  for 
the  1977  measurements  contains  15  atmospheric-transmission  spectra.  Each  spectra  covers 
the  region  between  approximately  1975  cm-1  and  3200  cm"1  with  20480  equally  spaced 
intervals  (approximately  0.0602  cm-1 ). 

A record  layout  of  the  FTS  data  tape  is  presented  in  Table  1.  Figure  2 is  a listing  of 
the  index  file  for  the  1977  data  tape,  and  Fig.  3 gives  a listing  of  a 20-record  segment  of  that 
tape.  Figures  4 and  5 are  facsimile  copies  of  the  Computer  Products  Catalog  Data  Sheet 
(NTIS-231)  and  the  Computer  Magnetic  Tape  File  Properties  Form  (SF  277)  which  were 
submitted  to  NTIS  with  file  1977  data  tape. 
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Table  1 — Record  Layout  Form  for  NRL-IMORL  Data  Base 


Field  Name 

Field  Length 

Field  Description 

LF* 

1 

ASCII  line-feed  character 

NFFT 

7 

Output  point  of  FFT 

WAVENO 

10 

Empirical  wavenumber  (cm- 1 ) 

REF 

8 

Wavenumber  reference  spectrum 

T(l) 

5 

Transmittance  for  spectrum  1 

T(2) 

5 

Transmittance  for  spectrum  2 

T(3) 

5 

Transmittance  for  spectrum  3 

T(20) 

5 

Transmittance  for  spectrum  20 

BLANK 

3 (or  1)* 

Blanks  to  pad  record  length  to  128 

CR* 

1 

ASCII  carriage-return  character 

HAUOHT 


HIT  Nl'IMt  OAT*  MSI 

•FTICAL  KIWI]  OITISIOH. 
MfU  MSIMta  IUHIINI 
UASHIHCTOH.  ot  nm 

IIUHI  DATE  I TO  KT  1 

■(LEASE  AUHIER  > TT-ll 

WNa  CITIH6  MATERIAL  ERM 
(MIS  DATA  COHMHOIUR,  It  1} 

nwiw  that  users  idertift 

-RE  iEECIMC  RELEASE  RIMMA 
of  INIS  TAM. 


SMC  TRIM  HUME  R > 

OJ 

tl* 

121 

121 

14* 

I4S 

1ST 

141 

ISS 

1 S4 

1ST 

IS! 

IS* 

in 

141 

TEAR 

77 

IT 

TT 

7? 

77 

77 

77 

77 

77 

77 

77 

77 

77 

77 

TT 

RMIN 

OS 

IS 

IS 

i« 

IS 

IS 

IS 

IS 

IS 

IS 

IS 

IS 

IS 

IS 

IS 

DAT 

IS 

SI 

SI 

it 

21 

21 

21 

21 

25 

23 

24 

24 

24 

2* 

2S 

TIHE 

USE 

I21S 

I2SS 

IStl 

ISSI 

ISIS 

1241 

ISII 

ISII 

ISSI 

1 145 

1211 

1*3* 

1*5* 

1ISS 

AIR  TEHF  (DEC  C) > 

IT.S 

2A.I 

2S.A 

2A.I 

24. T 

24.  T 

24.  S 

24.  S 

24.1 

24.4 

24.4 

24.1 

24. T 

2*.S 

31.1 

MMIDITT  (TORR) > 

IS.  2 

1A.0 

II. 1 

1T.T 

14.  T 

14.1 

14.  S 

14.5 

IT. 4 

IT. 4 

21.  S 

21.1 

21.1 

21.1 

21.  * 

AIR  FEES!  <A0>  > 

1121 

1122 

1121 

III* 

111* 

111* 

1121 

1121 

1114 

II1S 

HIT 

HIT 

1114 

III* 

HIS 

TIRO  SFEEO  (H/S) > 

S.l 

2.2 

S.l 

S.T 

4.2 

S.S 

4.4 

4.4 

2.S 

2.4 

s.s 

S.T 

s.« 

2.4 

S.T 

TIRO  DIRECT  IOR  > 

*2 

ne 

1SS 

III 

*1 

12 

101 

hi 

III 

US 

124 

123 

111 

247 

ISI 

SOLAR  RAO  (•/«) > 

1.14 

i. ii 

1.21 

I. if 

1.2* 

1.24 

1.22 

1.21 

0.*t 

t.U 

I.SS 

l.S* 

1.21 

I.M 

1.31 

TISIAIIITT  (RR)  > 

20 

21 

21 

21 

21 

2S 

14 

IS 

SI 

ss 

SI 

SI 

SS 

22 

24 

FATH  LEHCTM  <RR>— -> 

S.l 

S.l 

S.l 

S.l 

S.l 

S.l 

S.l 

S.l 

S.l 

S.l 

S.l 

S.l 

S.l 

S.l 

S.l 

FATH  OIRECTIOR  > 

SD 

St 

SI 

St 

St 

SI 

St 

SI 

SI 

SI 

SI 

St 

SI 

SI 

SI 

OFERATOR  > 

run 

RUM 

RUN 

RUN 

RUN 

RNH 

RNH 

RNH 

RNH 

RNH 

RNH 

RNH 

RNH 

RNH 

RNH 

• ••••  RE AO  THIS  ROT  ICE  I ••••' 

CORSIOERARLC  EFFORT  ARO  DUE 
CROC  MAC  EICRCISEO  RHILE 
ASSEROLIRC  THE  IHFORRATIOR 
■RESEATED  IR  THIS  CORFEROIUR. 

THE  RATAL  RESEARCH  LARORATORT 
RAMS  HO  HARRARTT t EXFRESSED 
OR  ERFLIEO.  COHCERRIRC  THE 
ACCURACT  OF  THE  OATA 
CORTAIREO  HERE IH. 

IT  IS  THE  RESFOHStOILITT  OF 
THE  IROIVIOUAL  USER  TO 
DETERRIHE  THE  SUITADILITT  OF 
THIS  FROOUCI  FOR  SFECIFIC 
AFFL 1CATIOHS. 


Fig.  2 — Listing  of  the  index  file  for  the  1977  NRL-IMORL  data  base 
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128  a BylM  [J  Chan  DnivBI 


I.  U Won*  I BillUNofdl 


l.  □ Wivda  I Bm/Word) 


SUPPLEMENTAL  INFORMATION 


_ On#  PM 

TYPE  OF  U Ona  Baal 

FILE  OnaPM 

°A?loilZ' 

IChartOna  nB  ^ 

§0g)  129  One  Reel 

_ Multiple  Files 
LJ  Multiple  Reels 


33  Use/Handling  Constraints  (Specify  if  Yott 
Vat  I No  | 


}l  For Sutom.ttmt o>(an«ation ilia  This  tape  contains  23  ANSI-labeled  files  (69  physical  files). 

Files  1 and  3 contain  16  records,  file  2 has  5120  and  files  4-23  each  contain  256  records. 
The  first  two  files  contain  the  EBCDIC  version  of  the  data  base,  while  the  ASCII  version 
romprises  the  remaining  21  files. 

All  tape  labels  are  written  in  the  ASCII  character  set. 
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RECOMMENDATIONS  FOR  ACCESSING  DATA  FROM  THE  TAPE 

The  EBCDIC-coded  information  of  the  FTS  data  tape  precedes  an  ASCII-coded  version 
of  the  same  information.  The  EBCDIC-character  version  of  the  data  base  consists  of  the 
index  file  and  a single  data  set  containing  20480  spectral  records.  The  EBCDIC  index  file 
(which  is  the  second  physical  file  on  the  tape)  is  bracketed  by  ANSI-type  VOL1  and  EOF1 
tape  labels  which  are  compatible  with  the  RT-11  operating  system  used  on  PDP11  mini- 
computers. Similarly,  the  EBCDIC  spectral  data  file  (which  is  the  fifth  physical  file  on  the 
tape)  is  bracketed  by  HDR1  and  EOF1  tape  labels. 

Following  the  two  EBCDIC-character  data  sets  (which  represent  six  physical  files)  are 
21  data  sets  written  with  ASCII  characters.  Like  the  EBCDIC  data  files,  each  ASCII  file  is 
bracketed  by  HDR1  and  EOF1  tape  labels.  Thus,  when  the  data  tape  is  processed  as  a 
labeled  tape,  each  HDRl-data-EOFl  triplet  will  be  treated  by  the  operating  system  as 
a single  file. 

The  first  ASCII  data  set  (which  is  the  eighth  file  on  the  tape)  is  simply  an  ASCII  ver- 
sion of  the  index  file.  The  20480  records  of  spectral  data  are  divided  into  20  data  sets  of 
1024  records  each,  which  follow  the  ASCII  index  file. 


PROCESSING  THE  NRL-IMORL  DATA-BASE  TAPE 

This  section  of  the  report  describes  procedures  which  can  be  used  to  process  the  data 
tape  on  different  series  of  computers. 

PDP1 1 Computers 

The  ASCII-character  version  of  the  data  base  is  fully  compatible  with  the  RT-11 
operating  system  available  on  PDP1 1-series  minicomputers  manufactured  by  the  Digital 
Equipment  Corporation.  The  RT-1 1 name  and  extension  of  the  ASCII  version  of  the  index 
file  is  NRL77A.IDX.  The  20  files  containing  the  ASCII  version  of  the  spectral  data  are 
named  NRL77A.033  through  NRL77A.052  and  contain  the  33rd  through  52nd  1024-point 
portions  of  the  output  from  a 128-K-point  Fourier  transform.  Both  the  index  file  and  the 
spectral  data  may  be  accessed  directly  from  magnetic  tape  under  RT-11,  though  some 
applications  would  benefit  from  copying  segments  of  the  tape  to  other  storage  media.  The 
RT-11  peripheral  interchange  program  (PIP)  and  the  text  editor  (EDIT)  can  be  used  for 
these  purposes. 

To  obtain  a listing  of  the  index  file,  the  user  should  type: 

•RUN  PIP 

*LP:=MT0:NRL77A. I DX 

When  data  are  processed  from  this  tape  with  FORTRAN-language  programs,  the  CALL 
ASSIGN  subroutine  (available  from  the  RT-11  FORTRAN  library)  can  be  used  to  assign  the 
data  file  to  a specific  FORTRAN  logical  I/O  unit  number. 


HAUGHT 


ASC  Computer* 

The  EBCDIC  version  of  the  data  base  is  appropriate  for  use  on  the  ASC-series  com- 
puters manufactured  by  Texas  Instruments  Corporation.  To  obtain  a listing  of  the  index 
file,  the  following  Job  Specification  Language  (JSL)  statements  are  suggested: 

/ FD  FT03F001 , RCFM= FB , BKSZ= 5 1 2 , IREC= 1 28 

/ FIT  FT03F001 ,DEN=800,LABL=2/NL,EFI D=xxxxxx 

/ FOSVS  FT03F00 1 

where  xxxxxx  is  the  installation-assigned  extemal-file-identification  parameter  for  the  data 
tape.  The  EBCDIC  version  of  the  spectral  data  contains  5120  blocks  (with  512  bytes  per 
block).  When  using  an  FIT  statement  to  transfer  this  file  to  disk  storage,  the  BAND  param- 
eter in  the  file  definition  statement  should  be  used  to  ensure  that  enough  disk  storage  will 
be  available.  For  accessing  the  spectral  data  on  a FORTRAN  logical  I/O  unit  (say  unit  4), 
the  foUo wing  JSL  i suggested: 

/ FD  FT04F001 , RCFM=FB , BKSZ=51 2 , LREC= 128, BAND=  10/100/10 

/ FIT  FT04F001 , DEN=800 , LABl= 5/NL , EF I D=xxxxxx 

If  both  the  index  file  and  the  data  file  are  to  be  processed  in  the  same  job,  use  of  the  multi- 
ple file  request  statements  (MFR  and  MFRE)  will  improve  job  turnaround  tin: .. 


IBM  System/370  Computers 

The  EBCDIC  version  of  the  data  base  is  also  compatible  with  the  System/370-series 
computers  manufactured  by  International  Business  Machines  Corporation.  Under  the 
OS/370  operating  system,  the  following  data  definition  (DD)  statements  of  the  Job  Control 
Language  (JCL)  are  suggested: 


//FT03F001 

//FT04F001 


DD  LABEL=(2,BLP) , D I SP=0LD , 

DCB= ( DEN=2,RECFM=FB,BLKS I ZE  = 5 1 2 , LRECL= 128), 

UNIT=yyyyyy,VOL=SER=zzzzzzzz 
DD  LABEL=(5,BLP),DISP=0LD, 

DCB=  (DEN  = 2 ,RECFM=FB  ,BLKSIZE  = 512,I_RECL-128), 

UNIT=yyyyyy,VOL=SER=zzzzzzzz 


where  zzzzzzzz  is  an  installation-assigned  volume  serial  number  which  identifies  the  data 
tape  and  yyyyyyisan  installation-dependent  parameter  which  specifies  a 9-track  magnetic- 
tape  drive  capable  of  processing  800-bpi  tapes  (such  as  UNIT=TAPE9  or  UNIT*2400). 

In  the  above  example,  the  index  file  would  be  associated  with  the  file  FT03F001  and  the 
spectral  data  file  with  the  file  FT04F001.  These  files  correspond  to  logical  I/O  unit*  3 and 
4 in  FORTRAN-Ianguage  user-written  programs. 


CYBER  and  6600-Series  Computers 

Either  the  ASCII  or  EBCDIC  character-set  version  of  the  data  base  may  be  used  with 
equipment  manufactured  by  the  Control  Data  Corporation:  CDC  6400, 6500,  and  6600 
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and  CYBER  170-series  and  CYBER70-series  computers.  Under  the  NOS  operating  system, 
the  following  procedure  file  associates  the  EBCDIC  version  of  the  index  file  with  logical 
unit  3,  and  the  spectral  data  file  with  logical  unit  4,  of  a previously  compiled  FORTRAN 
program: 


F I LE,TAPE3,RT=F,BT=K,RB=4,FL= 1 28 , MBl= 5 1 2 , CM= YES . 

F I LE,TAPE4,RT=F,BT=K,RB=4,FL=128,MBL=512,CM=YES. 
REQUEST , T APE  1 , NT , D= 800 , F = S , CV  = EB , LB= KU , VSN  = wwwwww . 
SKI PF,TAPE1 , 1 ,C. 

COPYBF , TAPE  1 , TAPE 3, 1 ,C. 

SKIPF.TAPEl , T APE4 , 1 ,C. 

COPY BR, TAPE  1 ,TAPE4, 1 ,C. 

RETURN, TAPE1 . 

REWIND, TAPE3.TAPE4. 

LDS ET , F I LES  = TAPE3/TAPE4  . 

LGO . 


where  wwwwww  is  the  installation-assigned  volume-serial-number  and  the  compiled  FORTRAN 
program  resides  on  a file  named  LGO. 
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